Objective: We aimed to present our experience with rhomboid flap reconstruction, which is a simple technique, in breast cancer patients who underwent breast-conserving surgery.
Introduction
Breast-conserving surgery (BCS) and radiation therapy, in combination, have been accepted as the standard treatment in eligible patients with invasive breast cancer (1, 2) . The oncologic goal in breast cancer surgery is to ensure adequate resection of a malignant tumor with safe margins (3) . On the other hand, BCS aims to protect the shape of the postoperative breast. Unfortunately, optimum results cannot always be obtained in BCS because of both tumor-and treatment-related factors (4) . Thus, the possibility of a deformed breast restricts the applicability of BCS. Various reconstructive methods have been applied to limit breast deformities after lumpectomy (5, 6) . One of these methods is rhomboid flap (RF) reconstruction, with regard to which there are limited reports in literature (7) .
The RF technique in BCS was first described in 1978 by Cooperman and Dinner (7) , and it provides immediate reconstruction of partial defects of tissue and skin at the time of BCS, especially for outer quadrant tumors (7) (8) (9) (10) .
The aim of this study was to evaluate RF reconstruction, which could facilitate BCS in patients with a large tumor-to-breast size ratio and tumors close to the skin.
Materials and Methods
Thirteen female breast cancer patients who underwent RF after lumpectomy for BCS between 2008 and 2012 at the Surgery Department of Adana Numune Training and Research Hospital were retrospectively analyzed after obtaining approval for the study from the local ethics committee (ANEAH.EK.2013/38). Informed consent from all patients was preoperatively obtained. Four patients with large T2 tumors underwent excisional biopsy for diagnosis in another hospitals; the remaining patients were diagnosed at our hospital. Patient data collected from medical records include age, menopausal status, pathologic T and N stage, tumor size, tumor side, safe margin of resection, and re-excision. Patient preparation and selection for BCS with RF reconstruction: Patients underwent physical examination and bilateral breast ultrasound and/or mammography. Preoperative definitive diagnoses of breast masses were confirmed by core needle biopsy in patients at the time of their first admission to our hospital. On the basis of patients' history, physical examination, and laboratory test results, some patients required abdominal and/or abdominopelvic computed tomography (CT) or magnetic resonance imaging, bone scintigraphy, and thoracic CT imaging. Patients without multifocal or multicentric lesions and lesions evaluated as stage 1 or 2 tumors were considered to be eligible and were selected for BCS.
Patients who underwent RF reconstruction had a preference to protect the breast, with appropriate staging for BCS; however, they had largesized tumors, particularly in comparison with the breast size. Patients with T1 tumors required wide skin excision because of the close proximity of the tumor to the skin. These patients were offered RF as an option, in view of possible poor cosmetic results, which was performed in patients who consented to undergo BCS.
Design and surgical technique: Patients who were to undergo RF reconstruction after examination had incisions drawn preoperatively in the supine position in the examination room on the day of surgery. Tumor location was determined by palpation in patients with palpable tumors or by ultrasound in patients with non-palpable or excised tumors and was then marked. Then, 60° and 120° angle rhomboid flaps, at least 2 cm away from the tumor borders, were drawn on the skin surface. Tumors close to the lateral borders, breast tissue, and subcutaneous fat tissue located between the breast and median axillary borders were included in the rhomboid flap. From the AC line, an equal CE straight line was drawn. Flap borders were completed as an EF line, equal and parallel to BC, along the BC edge, and extended at a 60° angle from the E corner (7, 8) (Figure 1 ).
Intraoperatively, the marked rhombus initially underwent full-thickness excision, including the pectoralis major fascia. The specimen was marked on four surfaces as lateral, superior, anterior, and medial and was sent for histopathologic examination. After obtaining safe margins of resection, the flap was prepared as examination during surgery. At this stage, sentinel samplings and axillary dissections were performed based on the proximity of the flap to the axilla, with close tumors such as lateral quadrant tumors excised from the same incision by dissecting them from the base of the donor area after flap removal, whereas farther tumors, such as upper and lower quadrant tumors, were excised by different axillary incisions ( Figure 2 ). Suction drains were placed in the axillary and rhombus region. Subsequently, the flap was rotated such that the E corner was aligned on top of the D corner. The CE edge of the flap was sutured to the AD edge of the rhombus, and the EF edge of the flap was sutured to the DC edge of the rhombus with subcutaneous fixation (Figure 1 ). The RF technique was performed by a single surgeon who was experienced in this field.
Results
The mean age of patients was 43.1 years (range: 28-69 years). Table  1 shows the clinical characteristics of patients who underwent RF reconstruction. The mean tumor diameter was 30.8 mm (range: 15-60 mm). The mean safe margin of resection was evaluated to be 17.8 mm (range: 5-30 mm). All T1 tumors (n=4) were close to the skin and required skin resection for a safe anterior margin. However, there was no skin invasion of these tumors. The mean safe margin of resection was 16.7 mm (range: 7-20 mm). Four patients with T2 tumors of large size underwent surgery in another hospital. Re-excision for determining safe margin was necessary in these patients because some of them did not have a safe margin of resection or the surgical margins status could not be determined. Re-excision tissue was used to calculate the safe margin of resection in these patients. The mean safe margin of resection was 16.2 mm (range: 10-20 mm) in patients coming from other hospitals. The remaining five patients with early breast cancer had a large tumor-to-breast ratio, and their mean safe margin of resection was 18.5 mm (range: 5-30 mm). Only three patients with clinical lymph node-negative tumors underwent sentinel lymph node biopsy for axillary mapping because of the technical insufficiency of this facility in our hospital. Sentinel node biopsies were performed using isosulfan blue. Re-excision was required for one patient and was performed during the same session. The safe margin of resection of pre re-excision specimens was used. Pathological diagnoses were 12 cases of invasive ductal carcinomas and one case of apocrine carcinoma (92.3% and 7.7%, respectively).
Postoperative medial arm pain was observed in one patient, and seroma was noted in two patients, but there were no other surgical complications. All patients underwent postoperative radiation therapy. Eligible patients received chemotherapy and/or hormonal therapy. The average follow-up period was 33 months. Although the follow-up periods were not considered to be sufficiently long, no local recurrence was observed.
Discussion and Conclusion
Cooperman and Dinner described RF as a technique that enables large resection of the breast with minimal deformity and minimal shift of the nipple-areola complex for partial mastectomy (7) . Unintended consequences, such as deviation or distortion of the nipple-areola complex, loss of gland or skin, breast retraction, and breast asymmetry, may be seen after BCS (9) (10) (11) (12) . Large tumor size is a relative contraindication for BCS. However, patients with a large tumor size in comparison with the breast and tumors close to the skin generally lose an opportunity to undergo BCS because of poor outcome of cosmetic results against a safe margin of resection (11, 13) . After BCS, RF and other reconstructive methods, such as implant application, rotation flap approach, autologous free dermal fat graft, intramammarian flap reconstruction, latissimus dorsi flap application, and pedicled local flap to the defective region, are currently used (7, 9, 11, (14) (15) (16) (17) (18) . Reconstructions of lumpectomy defects include volume displacement and replacement techniques. In patients with large-or moderate-sized breasts, volume displacement techniques can be used after tumor resection and can help repair local skin defects. However, the volume replacement technique may be required in patients with smaller breasts and large skin defects (6, 19) . Neoadjuvant chemotherapy for earlystage breast cancer should be suggested as an option today for eligible patients (20) . The primary benefit of neoadjuvant chemotherapy for early-stage breast cancer is the downstaging of the tumor. Therefore, this approach may facilitate for BCS, but it has not been shown to improve the overall survival, except in patients younger than 50 years in large randomized controlled trials (21, 22) . In our study, majority of women (77%) were younger than 50 years. We were unable to recommend neoadjuvant chemotherapy for three patients who underwent biopsy at a different hospital despite receiving appropriate treatment. The remaining patients were not eligible for neoadjuvant chemotherapy because of the status of the hormone receptor or the close proximity of tumors to the skin. However, potential disadvantages of neoadjuvant chemotherapy do exist. Tumor downstaging can be inadequate to perform BCS, chemotherapy-resistant tumors can progress, initial lymph node status cannot be determined, and patients with favorable tumor phenotypes could be over treated (23) .
The safe margin of resection is important in patients with breast cancer and ductal carcinoma in situ who undergo BCS because it has an effect on local recurrence, with ductal carcinoma in situ being an important prognostic factor (24) (25) (26) (27) . However, there is no consensus about the safe margin of resection in breast cancer. Ideally, the lateral edge of macroscopic margins is at least 1 to 2 cm in the classic quadrantectomy technique defined by Veronesi (24, 28) . However, safe margins of >1 mm are sufficient according to more conservative opinions. Even these more conservative opinions defend that the positive margin increases as the tumor size increases, particularly in tumors of >3 cm (28) (29) (30) . The incidence of a positive postoperative tumor margin is lower in patients with a large defect undergoing immediate reconstruction (31) . In our study, the safe margin of resection values of T2 tumor patients was greater than 1 cm in 87% patients. These results show that we could reach safer margins with the RF technique, even in patients with large tumors. In patients with T1 tumors who undergo RF reconstruction because of the close proximity of the tumor to the skin, concerns exist about the loss of skin and poor cosmetics, but not regarding the large size of the tumor or providing safe margins.
The purpose of BCS is to reach a tumor-free margin and, if required, to undertake re-excisions in the same session based on resected specimens intraoperatively examined (3). In breast cancer patients, by evaluating the intraoperative margin status, reconstruction could be initiated following the first re-excision at a positive close margin. However, if a second re-excision is required, the reconstruction option changes, and skinsparing mastectomy and total reconstruction are generally performed (32) . On the other hand, patients with local recurrence after BCS generally undergo mastectomy (24) . Therefore, immediate reconstruction, performed after achieving the safe margin of resection, is proposed for lumpectomy defects (6). In our study, a first re-excision in the same in same session was required for only 1 of the 13 patients. None of the patients required a second re-excision, and there were no patients requiring re-operative reconstruction due to a positive margin. In our experience, RF transposition provides en bloc resection of the skin and gland tissue even in large tumors. Thus, the safe margin of resection is regular and adequate because large mass resection is performed with rhombus margins even in large tumors and tumors close to the skin. Therefore, RF transposition can facilitate immediate reconstruction in BCS.
The RF reconstruction technique has some other advantages. For example, compared with the intramammarian flap reconstruction technique, RF reconstruction provides enough dermal tissue, and compared with the latissimus dorsi flap RF reconstruction, it ensures a smaller donor tract scar and avoids sacrifice of muscle tissue. Compared with a local implant, it is low cost and feels more natural (6) . In addition, and possibly most important, RF reconstruction is a simple technique to perform.
The upper and lower outer quadrant defects of the breast are favorable locations for applying RF reconstruction because ample loose donor tissues in this area allow closure without tension. On the other hand, the success of the flap will be the least in the inner quadrant defects of the breast because of the less stretched cutaneous and subcutaneous tissues. Gwynn and Williams used the RF technique to close the defect of partial mastectomy in seven patients. In their study, they emphasized that the breast tissue and skin healed successfully, with minimal deformity and cosmetic scar, after RF reconstruction (8) . RF reconstruction was used for upper outer quadrant defects in breast cancer patients in their study (8) . Because of its adequate cosmetic results, Tanaka et al. applied RF in distressed breast fields, involving two lower outer quadrant defects (9) . We think that RF gives better cosmetic results in lower outer quadrant defects than upper outer quadrant defects because the scar tissue is hidden in the former (Figure 3) . With regard to concerns of large and visible scarred tissues of the skin of the breast and donor area after RF reconstruction, da Silva Neto et al. (10) reported that the scar quality was fine in the long term, even after radiation therapy. Our cosmetic observations are similar to the findings of authors in other studies.
The rate of our patients with outer quadrant tumor who underwent RF reconstruction was 69.2%, and none of the patients had an inner quadrant tumor. The disadvantage of RF reconstruction with respect to cosmetic observations is the presence of an incision scar on the cleavage line, particularly for large and upper quadrant tumors ( Figure 3 ). However, according to our observations, patients who underwent the RF technique with BCS had better breast volume conservation than those who did not.
The protection of flap vitality is very important in terms of cosmetic appearance for repairing defects. Therefore, the surgeon should be aware of appropriate peduncle flap preparation. Moreover, choosing and using a blue dye are also important for a healthy flap in patients who have planned to undergo sentinel lymph node dissection. The intradermal injection of methylene blue dye, different from isosulfan blue, can cause inflammatory cutaneous adverse effects such as skin erythema, ulcers, and necrosis (33, 34) . Therefore, isosulfan blue, instead of methylene blue, can be used for sentinel mapping in breast cancer patients scheduled for RF reconstruction. We used isosulfan blue in three patients for sentinel mapping, and we did not encounter any inflammation or perfusion disturbance of the donor tissue. If methylene blue is used for sentinel mapping, an intraparenchymal preparation (5 ml) of a 1% blue dye injection will be much safer to avoid undesirable complications of the flap (33, 34) .
In conclusion, the RF reconstruction technique, which is an easy technique, can facilitate BCS in patients with relatively large tumors and tumors close to the skin. However, different studies comparing the cosmetic results of primary closure and other breast reconstruction techniques with RF are required to assess the applicability of RF transposition in BCS.
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